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The mechanism of dextrose-enhanced peritoneal mass transport rates.
The mechanism whereby hypertonic dextrose affects peritoneal trans-
port was investigated in a short-term model of peritoneal dialysis using
alert intact rabbits. During control (1.5% dextrose) dialyses osmotic
ultrafiltration was 0.28 mg/kg/mm, the clearance of potassium was 0.98,
urea 0.54, phosphate 0.32, and dextrose (reverse) 0.21 ml/kglmin. With
4.25% dextrose, the ultrafiltration rate increased to 0.73 mI/kg/mm (P <
0.02), but solute transport did not increase despite the added convective
flux. The posthypertonic exchanges did not differ from control despite
the effect of residual dialysate contaminating this peritoneal lavage. By
indicator dilution residual volume averaged 12% of total dialysate
volume. Acute volume expansion by intravenous dextrose after
desoxycorticosterone acetate (DOCA) pretreatment increased the ul-
trafiltration coefficient, potassium and urea clearances significantly, and
DOCA alone was ineffective. It is suggested that in uremic humans
hypertonic dextrose dialysis increases peritoneal mass transport rates
because the absorbed dextrose causes extracellular volume expansion
that cannot be eliminated promptly. No evidence of a direct effect of
dextrose augmenting peritoneal permeability was detected.
Le mécanisme des vitesses de transports massiques peritonéaux
sthnulés par le glucose. Le mécanisme par lequel Ic glucose
hypertonique affecte le transport péritonéal a été étudié dans un modèle
de dialyse péritonéale a court terme en utilisant des lapins intacts
éveillés. Pendant les dialyses contrôles (1,5% de glucose)
l'ultrafiltration osmotique était de 0,28 mI/kg/mm, Ia clearance de
potassium de 0,98, de l'urée de 0,54, des phosphates de 0,32, et du
glucose (inverse) de 0,21 mI/kg/mm. Avec 4,25% de glucose, Ia vitesse
d'ultrafiltration s'élevait a 0,73 mI/kg/mm (P < 0,02), mais le transport
des solutés n'augmentait pas malgré Ic flux de convection sup-
plémentaire. Les échanges post-hypertoniques ne différaient pas des
contrôles malgré l'effet du dialysat résiduel contaminant ce lavage
péritonéal. Par dilution d'un indicateur, le volume résiduel était en
moyenne 12% du volume du dialysat total. Une expansion volémique
aiquë avec du glucose intraveineux aprés prétraitement par l'acetate de
désoxycorticostérone (DOCA) augmentait significativement le coeffi-
cient d'ultrafiltration, les clearances du potassium et de l'urée, mais Ia
DOCA seule était inefficace. On suggère que chez l'homme urémique,
une dialyse au glucose hypertonique augmente Ia vitesse de transport
massique peritonéale car Ic glucose absorbé entralne une expansion du
volume extracellulaire qui ne peut étre rapidement éliminée. II n'a pas
été détecté de preuve d'un effet direct du glucose augmentant Ia
perméabilité péritonéale.
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Increased peritoneal permeability reflected by higher solute
clearances has been associated with the use of hypertonic
dextrose dialysis fluid in uremic patients [1, 21. The increment
in clearances exceeded the possible contribution of convective
transport associated with the higher rate of ultrafiltration in-
duced by the dextrose. It persisted also after hypertonic dex-
trose was replaced by a dialysis fluid of a lower osmolality,
closer to that of uremic plasma [1]. Although the mechanism
has not been elucidated, a direct effect on membrane perme-
ability has been suggested [3]. Indeed, hypertonic dextrose
dialysis fluid has been used alternatively with hypotonic fluid to
augment peritoneal solute transport while limiting the amount
of dextrose absorbed [4].
It is not clear how a physiological substance like dextrose,
albeit in high concentration, could have such a pronounced and
persistent effect on the peritoneum. Hence, studies were con-
ducted in an animal model of peritoneal dialysis to determine
the effect of convection, the influence of residual dialysate, and
the role of absorbed dextrose on the observed changes.
Methods
Studies were conducted in intact female New Zealand white
rabbits. Dialyses were initiated by instilling 75 mI/kg of dialysis
fluid percutaneously through a needle or catheter into the
peritoneum by gravity over the course of 4 mm as described
previously [5]. During the procedure the alert supine animals
were restrained lightly on a board with front paws flexed and
hind limbs extended. Control dialyses, which were performed
several days before and after experimental procedures, in-
volved instillation of commercial 1.5% dextrose dialysis solu-
tion to which a tracer dose of 203Hg-labelled autologous protein
was added. Dialysate was sampled at the end of instillation and
at 12-mm intervals thereafter for 1 hr. Dialysate volume at any
given time was calculated by indicator dilution as V =
(Cpm0/CpmJ x V0. Linear regression of the individual data
points was used to determine dialysate volume at any given
time. The ultrafiltration rate was determined as (UF = (V —
V0)/time in minutes. Clearance was calculated as mass trans-
port divided by gradient, C = (DIP) x VIt. The mean ultrafil-
tration rate in the first 100 rabbits studied under control
conditions (1.5 dextrose) was 0.17 mI/kg/mm. This dialysate
volume (D0 + 0.17 mllkgl(min) was used in the initial calcula-
tion of solute clearances. This preliminary calculation allowed a
comparison of rates of diffusion assuming identical volumes for
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control and experimental dialyses. With hypertonic dialysis
fluid, clearances were calculated also based on an established
standard volume (D0 + 0.54 mI/kg/mm). All clearances were
recalculated then using the actual volume determined for the
animal for the particular dialysis. Reverse (inward) clearance of
dextrose was calculated as (instilled dextrose [D0V0} minus
retained dextrose [DV]) divided by instilled dextrose concen-
tration [D0} and the product divided by minutes of
intraperitoneal dwell (t). The mean of five clearances was
determined and duplicate control values were averaged and
compared to averaged mean experimental values.
The dialysate volume drained at 60 mm was measured also,
but only used as an alternative assessment of the change in
volume induced by altered dialysis conditions. With this tech-
nique some leakage occurs around the percutaneous catheter
externally and into subcutaneous tissue, so the measured vol-
ume is deemed less than appropriate. Such loss does not affect
solute concentrations appreciably, but clearances were not
calculated using the incomplete volume. The drained dialysate
was collected in 50 ml aliquots that were assayed for solute
concentration to determine the rate of solute equilibration
during peritoneal emptying. The last concentration measured
was used as the residual dialysate concentration.
Residual dialysate volume was determined by measurement
of the amount of isotope contamination as R = (cpm2/cpm1) x
V1, where cpm2 represents the radioactivity of the 12-mm
sample of the second exchange (isotope free) and cpm1 that of
the last 50 ml aliquot of the first exchange, and V1 equals the
calculated 60-mm volume of the first exchange. During the brief
interval (less than 20 mm) that the marker remained in the
peritoneum, calculated absorption of the isotope is negligible.
Several days after control dialyses, six rabbits underwent
dialysis with hypertonic (4.25%) dextrose dialysis solution for
60 mm. Immediately following drainage of as much fluid as
possible, a fresh solution of 1.5% dextrose dialysis fluid was
instilled and dialysis continued for an additional 60 mm. To the
second solution a tracer dose of Evans blue dye-labelled protein
was added. In separate studies, it was shown that the dialysate
volume calculated using Evans blue dye as the indicator did not
differ significantly from those calculated using radiomercury
during the short intraperitoneal dwell.
Six rabbits also underwent peritoneal dialysis following acute
extracellular fluid volume expansion. This was achieved by
premedicating intramuscularly with 2 mg/kg of desoxycortico-
sterone acetate (tIOCA) 30 to 45 mm before dialysis. Immedi-
ately prior to dialysis the animals were loaded with 14 mllkg of
5% dextrose in water, and a sustaining infusion of 1.4 mllkglmin
of this solution was started and continued for the next hour
while dialysis proceeded. In separate studies, peritoneal dialy-
sis was conducted also in these animals following DOCA
without a fluid load. Because of the difference in dialysate to
plasma dextrose gradient in these studies, inward transport of
dextrose was calculated as dialysance by subtracting the plasma
glucose concentration from all dialysate values and then calcu-
lating the reverse clearance as indicated above.
The effect of absorbed dextrose on plasma and urinary
glucose was quantified in four rabbits after a 60-mm dialysis
with 1.5% dextrose dialysis fluid and with the 4.25% solution.
Potassium was measured by flame photometry, urea was
assayed colorimetrically after urease digestion, glucose was
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Fig. 1. Bars compare the instillation volume (single cross-hatch) of
dialysis fluid with the volume after a 60-mm intraperitoneal dwell for
1.5% and 4.25% dextrose dialysis solutions, and for 1.5% fluid subse-
quent to 4,25% solution in 6 rabbits. The double cross-hatched area
indicates the measured drained volume, and the total height of the bar
indicates the dialysate volume by indicator dilution. The solid bar
shows the amount of residual dialysate. The ultrafiltrate volume per 60
mm is the difference between the first and second bar of each pair.
quantified by the hexokinase and glucose 6 phosphate dehy-
drogenase reactions, and phosphorus was determined by the
colorimetric assay of derived molybdenum blue.
Mean experimental and control values per rabbit from the
same set of animals were compared by Student's paired t test
and by the Wilcoxon signed rank test.
Results
The ultrafiltration rate with 1.5% dextrose dialysis solution
was 0.28 0.03 (SEM) mi/kg/mm and increased to 0.73
mI/kg/mm when 4.25% dextrose was used (P < 0.02). In the
1.5% solution exchange immediately following hypertonic dial-
ysis, the ultrafiltration rate was 0.12 ml/kg/min (P < 0.05 vs.
control), presumably reflecting the decreased osmotic gradient
due to absorbed dextrose. Calculated mean dialysate volumes
at 60 mm were 85 and 107.8 mllkg for 1.5% and 4.25% dextrose
solutions, respectively (Fig. 1). Thus, the ultrafiltrate volume
was a small fraction of total dialysate volume and did not have
a major influence on diffusive solute clearances.
With 1.5% dextrose solution, the drained dialysate volume
was 54 mI/kg, 72% of the instilled volume and 64% of the
calculated 60-mm volume (Fig. 1). With 4.25% dextrose, the
drained volume was 71 ml/kg, 94% of the instilled and 66% of
the estimated 60-mm volume. Thus, an average of 35% of the
estimated dialysate volume was not recovered. Because some
of this discrepancy could relate to absorption, subcutaneous or
external leaks, or inaccuracy of the isotope dilution method of
calculating the 60-mm volume, residual volume was estimated
by isotope contamination of the subsequent exchange. By 203Hg
contamination the residual dialysate volume was 12% of the
estimated 60-mm volume of the 4.25% exchange.
All clearances decreased as intraperitoneal dwell was pro-
longed because of the loss of the chemical gradient as the
dialysate/plasma concentration ratio approached unity. After
drainage began, the concentration ratio increased faster (P <
0.02) so the final aliquots at 69 mm (mean) had higher concen-
tration ratios of potassium 0.80, urea 0.62, and phosphate 0.31
than at 60 mm, 0.56, 0.41, and 0.20, respectively, while the
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Fig. 2. Hypertonic (4.25% dextrose) peritoneal dialysis increases the
ultrafiltration rate (UF) compared to control (1.5% dextrose) values,
but does not affect significantly solute clearances in 6 rabbits. The dots
indicate clearances adjusted for the difference in dialysate volume
(convective transport). Symbols are: LI, control: hypertonic fluid.
Fig. 3. When isotonic (1.5%) dialysis follows hypertonic (4.25%) there is
no significant change in peritoneal clearances or ultrafiltration rate
compared to isolated isotonic dialysis. The dots correct the post
hypertonic values for the effect of residual dialysate. Symbols are: LI,
control; , hypertonic;, post hypertonic dialyses.
Effect of intravenous dextrose on peritoneal transport
dextrose concentration ratio decreased from 10.8 to 9.0. These
concentrations contaminated subsequent exchanges.
With 1.5% dextrose dialysis fluid peritoneal clearance of
potassium was 0.98 0.03 (SEM) mi/kg/mm, urea was 0.54
0.06 mllkg/min, and phosphate was 0.32 0.03 mllkg/min (Fig.
2). With 4.25% dextrose, these values rose to only 1.14, 0,71,
and 0.46 mI/kg/mm, (each P > 0.05). When corrected for the
increment due to convective transport by using the lower
dialysate volume in the clearance calculation, the clearances
were slightly lower as indicated by the dots in the bars of Figure
2, each value not significantly different from those with 1.5%
dextrose dialysis solution (P > 0.1). The reverse clearance of
dextrose was 0.21 mI/kg with 1.5% and 0.25 mI/kg with 4.25%
dextrose dialysis fluid (P > 0.1).
When 4.25% dextrose was replaced with 1.5% dextrose,
there was no significant increment in clearances in the post
hypertonic exchange compared to isotonic controls. Clearances
were: potassium 1.02, urea 0.69, phosphate 0.31, and dextrose
0.14 mllkglmin (each P > 0.1). When corrected for the contam-
ination by residual dialysate, dextrose clearance was 0.33
mI/kg/mm (P > 0.1) and the other values were all reduced to
less than control (Fig. 3).
When clearances were recalculated using actual individual
dialy sate volume determinations, neither hypertonic dialysis
fluid nor post hypertonic dialyses were associated with in-
creases in transport, (both P > 0.1 for each clearance by paired
test and P > 0.05 by Wilcoxon signed rank test).
Because hypertonic dextrose did not increase peritoneal
clearances in intact rabbits, unlike in uremic humans, we tested
whether the absorption and retention of a dextrose load affected
transport rates. This was achieved by intravenous dextrose
loading in six rabbits, two of which had undergone the 4.25%
dextrose dialysis solution study. At the start of dialysis the
mean plasma glucose was 421 mg/dl, and despite DOCA pre-
treatment the rabbits were overtly diuretic during dialysis.
In these rabbits, control clearance values with 1.5% dextrose
dialysis solution were: potassium 1.02, urea 0.69, phosphate
0.41, and dextrose 0.47 ml/kg/min. The dialysance of dextrose
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Fig. 4. Compared to control values (open bars), peritoneal dialysis
performed during volume expansion by intravenous dextrose (cross-
hatched bars) shows higher clearances which differ significantly, when
paired for the 6 rabbits, for urea and potassium. Although the ultrafil-
tration rate is not significantly higher, the osmotic gradient differed and
the ultrafiltration coefficient increased (P < 0.03).
was 0.55 ml/kg!min and the mean ultrafiltration rate was 0.26
mI/kg/mm. After acute extracellular fluid volume expansion
with dextrose intravenously, the clearances increased by the
following (Fig. 4): potassium 0.23 0.06 (SEM) ml/kg/min to
1.25 mllkglmin (P < 0.02 by paired t and P < 0.05 by signed
rank testing), urea by 0.26 .10 mI/kg/mm to 0.95 mI/kg/mm (P
< 0.05 by both statistical tests), and phosphate 0.13 0.17
mi/kg/mm to 0.54 mI/kg/mm (P > 0.1). To verify this change,
the control and experimental clearances were recalculated
using the individually calculated dialysate volumes. The clear-
ance of potassium, 1.03 mi/kg/mm, increased by 0.35 0.11
ml/kglmin (P < 0.03) urea clearance, 0.74 ml/kg/min increased
by 0.31 0.11 mI/kg/mm (P < 0.04) and phosphate clearance
0.42 mllkg/min increased by 0.21 0.20 mllkg/min (P> 0.1).
Dextrose dialysance increased slightly to 0.60 ml/kg/min (P >
0.1) and the ultrafiltration rate rose to 0.40 ml/kg/min (P > 0.1).
The ultrafiltration coefficient, expressed as volume per osmotic
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gradient, increased from 7.9 to 34,4 pJ/mOsm/kg/min (P <
0.03).
With DOCA alone, none of the clearances changed signifi-
cantly (each P > 0.1). The clearance of potassium was 0.97,
urea 0.74, and phosphate 0.37 mI/kg/mm. Dextrose dialysance
was 0,39 and the ultrafiltration rate was 0.33 mI/kg/mm.
With 1.5% dextrose dialysis solution, plasma glucose in-
creased from 147 to 224 mg/dl (P < 0.05) after 60 mm and
induced trace glycosuria, while in the same interval the 4.25%
solution raised plasma glucose from 137 to 365 mg/dl (P < 0.01)
causing 1 + or 2± glycosuria.
Discussion
Hypertonic dextrose dialysis solution did not increase pen-
toneal mass transport appreciably in alert intact rabbits. In
contrast, hypertonic dextrose did increase clearances in uremic
man [1] and nephrectomized goats [3]. These discrepant results
could represent a type II error, a species difference, a distinc-
tive effect of dextrose on the uremic peritoneum, or hemody-
namic effects consequent to absorption of dextrose with intact
or impaired renal function. The last possibility was tested using
intravenous dextrose. The data suggest that extracellular fluid
volume expansion by absorbed dextrose contributes impor-
tantly to the augmented transport observed clinically with
hypertonic dextrose dialysis.
The study examined also the effect of increased convective
transport due to hypertonic dextrose on peritoneal clearances.
Convection adds only minimally to the removal rate of small
solutes. Even after an hour of hypertonic peritoneal dialysis the
ultrafiltrate represents less than one-third of the total dialysate
volume. Substantial alterations in the ultrafiltration rate change
the dialysate volume only minimally. Although small solutes
accompany water relatively freely during ultrafiltration, the
concentration in total dialysate was not appreciably higher with
increased ultrafiltration. This may be due in part to a loss of the
concentration gradient for diffusion in fluid layers immediately
adjacent to each side of the membrane. Despite sieving, ultra-
filtration should increase the transport rate of larger solutes,
however, since their movement by diffusion is much slower,
In uremic patients, increased peritoneal transport rates with
hypertonic dextrose was followed by accelerated transport in
subsequent isotonic exchanges, despite a lavage of the perito-
neum between study of the two dialysis fluids [1]. Because such
a lavage is not done clinically, we estimated the effect of
residual dialysate on clearance values. The measured volume of
drained dialysate was only about 65% of the calculated total
volume of dialysate, suggesting a residual volume of as much as
35%. Some of the dialysate often leaked externally or subcuta-
neously in these single exchanges, however. The volume cal-
culated by isotopic contamination of the subsequent exchange
was 12% of the total volume, which is thought to be a more
reliable estimate. Absorption of the indicator is less than 1% in
1 hr. The residual volume can affect the tolerance of
intraperitoneal distention by the subsequent instillation and the
efficiency of short dwell exchanges. As the dialysate volume de-
creased during drainage, the solute concentration approached equi-
librium with plasma more rapidly. Yet, this relatively concentrated
residual dialysate did not add appreciably to the clearance in the
subsequent post hypertonic exchanges.
The increased clearances demonstrated previously in the post
hypertonic exchanges have been an important line of evidence
that hypertonic dextrose increases peritoneal permeability. It
seems that a persistent effect on the peritoneal membrane
should not occur when hypertonic dextrose is discontinued.
Although it has been postulated that the hypertonic solution
increases clearances by a direct vasodilatory effect [3. 6], its
persistence is not explained readily. On the other hand, ab-
sorbed dextrose should mobilize intracellular water (at a rate of
about 100 ml/5 g [30 mmoles] absorbed), an effect that should
increase extracellular fluid volume and persist until the dextrose
is metabolized or the fluid is eliminated.
In the rabbits, the increment in plasma glucose concentration
should reflect the extent of dextrose absorption in excess of
metabolic and excretory elimination. Each 50 mg/dl (3
mmoles/liter) increment in plasma concentration should expand
plasma volume by about 1%, so the 4.25% solution should have
caused less expansion than the intravenous dextrose. But a 7%
dialysis solution would cause greater expansion, especially with
concurrent renal failure.
In this study, elimination of extracellular fluid may have been
blocked partially by the adrenal mineralocorticoid hormone,
DOCA, and the sustaining infusion of dextrose maintained the
volume and high plasma glucose, promoting continued mobili-
zation of intracellular water. Under this circumstance, perito-
neal clearances increased and the ultrafiltration coefficient rose.
The DOCA may have been unnecessary, but was added
acutely, seeking to maintain volume expansion without any
long-term effects that prolonged pretreatment might induce.
Wayland [7] suggested that hypertonic solutions can dehy-
drate the peritoneal interstitium, decreasing transport rates by
distorting aqueous channels. While intravenous dextrose infu-
sion induced hypertonicity of the plasma, the dialysate was still
more hypertonic than plasma under this circumstance, even
with 1.5% dextrose, Thus, local effects of dextrose on the
membrane, such as mesothelial cell dehydration, should not
account for the changes observed after intravenous dextrose.
The physical effect of an expanded plasma volume stretching
the capillary walls, thereby widening intracellular junctions,
may explain the increased peritoneal mass transport, but a
mediator of increased permeability, such as natriuretic hor-
mone or insulin affecting transport as has been demonstrated
with glucagon [81, cannot be excluded,
While the animals tolerated volume expansion without per-
ceptible hemodynamic changes, such factors as acute hepatic
congestion cannot be excluded because the pertinent measure-
ments were not made. Moreover, we cannot exclude anteced-
ent dehydration, but the animals had free access to water, a
baseline mean serum sodium of 145 mEq/liter and no overt
clinical signs of depletion.
Paradoxically, a dehydrating solution such as 4.25% dextrose
can cause transient extracellular volume expansion, dehydrat-
ing cells until the glucose is metabolized. Until then, extracel-
lular fluid volume should be maintained close to normal in those
with intact renal elimination mechanisms and expanded if the
volume cannot be eliminated rapidly. Verification that the mecha-
nism of increased penitoneal clearances with hypertonic dextrose
relates to volume expansion should be achieved by dialysis of
anephric animals. That confirmatory study awaits a sufficiently stable
model of anephric rabbits undergoing peritoneal dialysis.
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It has been suggested that hypertonic dextrose be used
intermittently during the course of peritoneal dialysis, not only
to increase ultrafiltration but also to augment solute transport
[91. These studies suggest that increased solute transport can be
achieved by intravenous dextrose, which may be a safer alter-
native in patients who are not overhydrated.
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